A cellulolytic bacterial strain, designated P118, isolated from the gut of the tropical fish Parotocinclus maculicauda was identified as belonging to the genus Paenibacillus based on phenotypic and chemotaxonomic characteristics and the 16S rRNA gene sequence. The novel strain was Gram-positive, spore-forming and rod-shaped. Catalase but not oxidase was produced. Carboxymethylcellulose was hydrolyzed but starch or gelatin was not. Acetoin production was negative whereas nitrate reduction and urease production were positive. Many carbohydrates served as carbon sources for growth. MK-7 was the predominant isoprenoid quinone. Anteiso-C 15:0 (38.73%) and C 16:0 (20.85%) were the dominant cellular fatty acids. Strain P118 was closely related to Paenibacillus amylolyticus NRRL NRS-290, P. pabuli HSCC 492, P. tundrae Ab10b, P. xylanexedens B22a, and P. tylopili MK2 with 98.3-98.8% 16S rRNA gene sequence similarity. The results presented here suggest that strain P118 represents a novel species of the genus Paenibacillus and it is a potential strain for further studies concerning its role in the production of industrially important products from cellulosic biomass.
INTRODUCTION
The armored catfish Parotocinclus maculicauda is a member of the Loricariidae family and the Hypoptopomatinae sub-family, formed by 16 genera and 79 species (27) observed the presence of P. maculicauda in different coastal rivers of the Atlantic Forest. P. maculicauda shows a behavior based on grazing, being found near to the bottom of the creek on rocks, logs and submerged plants, scraping the periphyton matrix (4) . The bacterial community found associated with this fish is almost unknown. However, it is well established that the microflora present in water influences directly the microorganisms found in the interior of the digestive tract of fish (9) . Based on the kind of diet imposed to P. maculicauda, which consists mainly of plant material from allochthonous and autochthonous origins, it is expected the presence of cellulotytic bacteria in the fish gut.
Bioprospection is the systematic search of new sources of chemical compounds, genes, proteins, microorganisms and other products that have economic potential and can be found in biodiversity. Less than 1% of the existent microorganisms have been cultivated and characterized so far. Novel microorganisms obtained from poorly studied environments can bring new insights on novel genes and enzymes. In this context, the bacterial community present in the digestive trait of P. maculicauda can be identified providing survival and competencies to its host. Among the different isolates obtained, specific bacterial populations can be selected for one specific characteristic of interest. In this study, among different bacterial isolates, a cellulolytic strain denoted P118 was isolated from the gut of P. maculicauda. Therefore, our goal was to identify and characterize this isolate and to demonstrate its potential for cellulose degradation. Biochemical and molecular data obtained suggest that the isolate belongs to a new species of Paenibacillus.
MATERIALS AND METHODS

Fish samples
Twenty fishes belonging to the P. maculicauda species were obtained from Mato Grosso river (Saquarema, Rio de Janeiro, Brazil) located at 22 o 53'32.5''S and 42 o 38'59.8''W.
This river has 12 km of extension, 2 to 4 m of width and at least 20 inches of depth. The fishes were collected manually using trawls and immediately taken to the laboratory for dissection in aseptic conditions.
Isolation of bacterial strains
The food content from the digestive tract of the different fish samples was transferred to sterilized tubes and portions of 200 mg were mixed with 1. Most biochemical tests were performed by using the methods and media described by Gordon et al. (7) . For all tests that required complex media (such as temperature and pH range of growth, growth inhibition in the presence of NaCl and in pH 5.7, hydrolysis of starch, resistance to lysozyme and liquefaction of gelatin), TSB or TSB agar were employed.
Growth under anaerobic conditions was determined after incubation for 7 days in anaerobic Gaspak jars (BBL)
containing an atmosphere of 80% N 2 , 10% CO 2 and 10% H 2 .
Catalase activity was determined by bubble production in a 3%
(v/v) hydrogen peroxide solution.
Strains were also characterized by using API tests (API 50CH and 20E, bioMérieux) as described in Seldin and Penido 
RESULTS AND DISCUSSION
The production of industrially important products from (98.3%). Phylogenetic tree constructed using the neighborjoining ( Fig. 1) and maximum-parsimony methods were concordant with one another (not shown). P118 formed a cluster with the five above mentioned species. When other cellulolytic Paenibacillus species were used for comparison (P.
campinasensis - (12); P. phyllosphaerae - (24); P.
cellulosilyticus - (23); P. cellulositrophicus - (1); P. prosopidis
- (35); P. pinihumi - (10); P. pini - (11); P. curdlanolyticus - (21)) levels of 16S rRNA gene sequence similarities were below 96%. These species were included in the phylogenetic tree to demonstrate the distance between P118 and the recognized cellulolytic species (Fig. 1) . No strain belonging to the five closest species to P118 has been described as able to degrade cellulose so far. strain P118 and other 16 species from this genus. Bacillus licheniformis was used as an out-group. Bootstrap analyses were performed with 1,000 repetitions. Scale bar indicates the distance in substitutions per nucleotide.
Profiles of the major fatty acids of strain P118 are shown in Table 1 . Anteiso-C 15:0 , the major fatty acid in recognized members of the genus Paenibacillus, was also the major fatty acid component of strain P118 (38.73%) followed by C 16:0 (20.85%). For the menaquinone profile, the MK-7 was the predominant one and this is in agreement with the description of the Paenibacillus genus (2). Table 2 shows the characteristics that differentiate strain P118 from the closest type strains of Paenibacillus chosen based on phylogenetic data (16S rRNA sequence). They clearly demonstrate that strain P118 does not match to any of these Paenibacillus species and may represent a novel species of the genus. It is important to highlight the pH range in which P118
grows and the resistance to lysozyme (0.001%), besides its cellulolytic property. However, further studies, such as DNA-DNA hybridization, are still necessary to define a new species. Strain P118 showed to be a cellulolytic bacterium, able to produce CMCase (Fig. 2) . The time-course fermentation profile, when CMC was the sole carbon source for P118 growth, indicates a maximum activity at the first day (0.154 U/ml). Data concerning cellulase activity in Paenibacillus are scarce in literature, and very often those available cannot be used for comparison since different conditions, methodology for enzymatic activity assays and units are used. However, our results were comparable to those obtained by Ko et al. (12) for P. campinasensis BL-11, which presented an activity of 0.1 U/ml in LB medium plus xylan oat spelts.
Furthermore, P118 showed a higher cellulase activity than P.
curdlanolyticus B-6 grown in Berg medium containing 0.5% oat spelts (21) . In fact, considering the biotechnological potential of P118, higher values for cellulase production can be found in literature for other bacterial genera, fungi and actinomycetes.
However, it is important to consider that these values can be improved. When Semêdo et al. (31) first described the cellulolytic strain Streptomyces drozdowiczii M7a, its cellulase activity showed to be around 0.1U/ml. Changing the medium used and the culture conditions, an increase of 6 times in the enzyme production was observed (8) . Moreover, it is important to state that P118 showed its maximal cellulase activity in the very first day of the experiment, which can be considered a very important characteristic for an economical point of view.
In conclusion, a novel and promising Paenibacillus strain isolated from P. maculicauda gut is now available for further studies aiming the optimization of its cellulase production, facilitating its potential use in industrial applications. 
